Background and purpose -Internal fixation (IF) in femoral neck fractures has high reoperation rates and some predictors of failure are known, such as age, quality of reduction, and implant positioning. Finding new predictors of failure is an ongoing process, and in this study we evaluated the importance of low bone mineral density (BMD).
Background and purpose -Internal fixation (IF) in femoral neck fractures has high reoperation rates and some predictors of failure are known, such as age, quality of reduction, and implant positioning. Finding new predictors of failure is an ongoing process, and in this study we evaluated the importance of low bone mineral density (BMD).
Patients and methods -140 consecutive patients (105 females, median age 80) treated with IF had a dual-energy X-ray absorptiometry (DXA) scan of the hip performed median 80 days after treatment. The patients' radiographs were evaluated for fracture displacement, implant positioning, and quality of reduction. From a questionnaire completed during admission, 2 variables for comorbidity and walking disability were chosen. Primary outcome was low hip BMD (amount of mineral matter per square centimeter of hip bone) compared to hip failure (resection, arthroplasty, or new hip fracture). A stratified Cox regression model on fracture displacement was applied and adjusted for age, sex, quality of reduction, implant positioning, comorbidity, and walking disability.
Results -49 patients had a T-score below -2.5 (standard deviation from the young normal reference mean) and 70 patients had a failure. The failure rate after 2 years was 22% (95% CI: 12-39) for the undisplaced fractures and 66% (CI: 56-76) for the displaced fractures. Cox regression showed no association between low hip BMD and failure. For the covariates, only implant positioning showed an association with failure.
Interpretation -We found no statistically significant association between low hip BMD and fixation failure in femoral neck fracture patients treated with IF.

Internal fixation (IF) for femoral neck fracture has many advantages such as minimal blood loss, short operating time, and low infection rate (Rogmark and Johnell 2006) . The trend is, however, to treat displaced fractures with hemiarthroplasty due to a high reoperation rate of IF in comparison to arthroplasty (40% vs. 11%), and also due to better functional outcome (Parker and Gurusamy 2006) . The high reoperation rate is mainly due to early failure of fixation.
There are several factors that can lead to an increased risk of failure. The most important is fracture displacement, which leads to 11% failure in undisplaced fractures and 40% failure in displaced fractures (Parker and Gurusamy 2006, Gjertsen et al. 2011) . There is an increased risk of non-union with older age (Parker et al. 2007 ), poor quality of reduction (Schep et al. 2004 , Heetveld et al. 2007 , and poor implant positioning (Schep et al. 2004) . Low BMD may be another predictor of failure. Low BMD is a well-defined risk factor for hip fracture (Kanis et al. 2008) and experimentally, several studies have shown that low BMD affects the strength of osteosynthesis (Sjostedt et al. 1994 , Bonnaire et al. 2005 ). In addition, low BMD appears to delay fracture healing but the association between low BMD and failure in clinical studies is more uncertain (Giannoudis et al. 2007) . Karlsson et al. (1996) and Heetveld et al. (2005) found no association between low BMD and failure, but the known predictors of failure were not adjusted for in these studies. The only study that used all the known potential confounders in the analysis was Spangler et al. (2001) . However, this study was retrospective and used the osteoporosis diagnosis from a register. We evaluated the effects of low BMD on failure of femoral neck fractures treated with IF while adjusting for known predictors of failure.
Patients and methods

Patients
In the period January 1, 2005 to December 31, 2006, a prospective consecutive study on systematic tertiary prevention of osteoporotic fractures (prevention of new fracture after lowenergy fracture) was conducted at the Department of Orthopaedic Surgery and Traumatology, Odense University Hospi-tal (Ryg 2009 ). This study included all hip fracture patients over 45 years of age and was carried out in accordance with the Code of Ethics of the World Medical Association (Declaration of Helsinki) for experiments involving humans. It was approved by the Danish Data Protection Board (entry no. 2010-41-5194) .
The exclusion criteria were (1) cognitive impairment: the patient could not understand the information given by the enrolling person; (2) serious illness: the enrolling person assessed whether the patient could benefit from osteoporosis treatment (i.e. sufficient length of expected survival to experience treatment effect); (3) high-energy fracture; and (4) pathological fracture.
In that study, 450 consecutive femoral neck fracture patients were treated and therefore eligible for a DXA scan. Of these, 292 patients were excluded mainly due to cognitive impairment or severe illness, or because they declined to participate. Thus, 158 femoral neck fracture patients with DXA scan were eligible for inclusion in this study, with information on age (dichotomous variable divided at 70 years), sex, BMD, and 20 variables from a questionnaire. 18 other patients were treated with an implant other than standard IF (Uppsala screws), so the final cohort consisted of 140 patients (Figure 1 ). The median age of the patients was 80 years and 105 patients were female (Table 1 ).
All radiographs from the total cohort were evaluated by the first author to ensure correct fracture diagnosis. Any discrepancy between the primary report and the review was discussed with at least 1 of the other authors, and a final consensus opinion was obtained.
Methods
Data for follow-up
Information on operation date, reoperation, death, and type of operation was retrieved retrospectively from the countybased patient administration system and radiographs. All the patients were treated with closed reduction and IF using 2 Uppsala screws, regardless of fracture displacement or age. All patients were primarily operated or supervised by a senior registrar. Postoperatively, full weight bearing exercises from day 1 were encouraged and similar drugs for thrombosis prophylaxis and antibiotics were administered. Routine clinical and radiographic fracture follow-up was performed after 4 months. Failure was defined as any procedure that led to major reoperation with change/loss of IF or new fracture, although isolated removal of IF was not classified as failure. A new fracture was defined as subtrochanteric at the level of an IF implant or a femoral neck fracture more than 1 year after removal of IF. Of the 140 patients analyzed, 68 had failure as defined above, and by extracting the equivalent data from the Danish National Registry of Patients (NRP), 2 other patients with reoperations were located in another county. The NRP search included all diagnoses and procedures that might have led to loss of a hip implant or to a new hip fracture. Ryg (2009) conducted a questionnaire during patient admission, and eligible patients were referred for a DXA scan, which was performed median 80 (IQR: 60-101) days after treatment. This led to exclusion of 24 patients due to death, and 9 patients failed to attend. The contralateral hip was used for the DXA scan and 14 patients had to be excluded due to an already existing arthroplasty or IF implant in that hip ( Figure 1 ). The DXA scanner was a Hologic Discovery and NHANES III was used as reference material (Looker et al. Reason for exclusion and dropouts (n = 292):
BMD
-cognitive impairment, 71 -declined, 67 -severe illness, 30 -high energy fracture, 29 -died before DXA scan, 24 -pathological fracture, 14 -inexplicable, 14 -BMD assessment not possible due to arthroplasty or IF, 14 -transferred before referral, 10 -never showed up, 9 -living in other county/country, 7 -included in other trial, 3
Femoral neck fractures with DXA (n = 158)
Final cohort (n = 140) 1998). Low BMD level using total hip and neck BMD was defined as a T-score of ≤ -2.5 (Kanis et al. 2008) . 49 patients had a total hip BMD score of less than -2.5 (Table 1) . Data from the spine measurements were not included because our aim was to investigate low BMD in relation to failure where the IF was inserted. Prior to the primary surgical treatment, 31 patients were treated with calcium and vitamin D and all patients were discharged with a prescription for calcium and vitamin D. No other osteoporosis treatments were administered during the period between the operation and the DXA scan, and bisphosphonate, strontium, or PTH was given after diagnosis of osteoporosis.
Radiographs
All images were evaluated before the statistical analysis for fracture displacement, implant positioning, and quality of reduction. Fracture displacement was assessed using the simplified undisplaced vs. displaced version of the Garden criteria (Parker 1993) , due to low reliability of the 4-grade system (Van Embden et al. 2012 ). The implant positioning was assessed according to a modified version by Schep et al. (2004) (Figure 2 ). 1 point was given if: (1) the positions of the screws were within the central or caudal segment of the femoral head on the anterior-posterior view; (2) the distance between the tip of the screws and the articular margin of the femoral head was less than 10 mm; (3) the positioning of the lowest screw was directly over the calcar in anterior-posterior view: (4) the angle of the screws and the femur was more than 130 degrees; (5) the positions of the screws were within the central or dorsal part on the axial view.
A score of 4 points (maximum 5) was considered to be adequate implant positioning. For the analysis, the positioning variable is therefore dichotomous (adequate or inadequate). In the original study by Schep et al. (2004) , the score consisted of 6 points; a final point was given if the screw position in the axial view was placed near the posterior cortex. The guideline in our department was to align the screws in the center, and the score was therefore limited to the above-mentioned 5 points.
A modified Garden's alignment index (Frandsen 1979 ) was used to assess the quality of reduction (Figure 3 ). On the AP view, the central axis of the medial group of trabeculae in the capital fragment and the line of the medial femoral cortex was used to determine an angle. On the axial view, the anterior or posterior angulation of the head was measured from the angle between a line drawn from the midpoint of the fracture surface of the distal fragment to the center of the femoral head and a line through the central axis of the neck of the femur. In order for the reduction to be acceptable, the anterior-posterior angle should be between 150 and 189 degrees and the axial angle should be less than 20 degrees. Frandsen (1979) used 2 axial angle cutpoints (15 and 25 degrees) whereas we used one cutpoint (20 degrees), which was a predictor of failure in the study by Palm et al. (2009) . For the current analysis, the variable was therefore dichotomous-with adequate or inadequate fracture reduction.
Predictors of failure 2 possible predictors of failure were chosen from the questionnaire. For comorbidity, alcohol was considered to be the best variable; Duckworth et al. (2011) showed that it is an important risk factor for fixation failure in patients less than 60 years of age. We defined excessive alcohol consumption as greater than 21 units per week for men and greater than 14 units per B A week for women (1 unit = 15 mL or 12 g of alcohol). Walking disability is a risk factor for not returning home (Vochteloo et al. 2012) , and it was assessed from a yes/no question regarding the use of walking aids.
Primary covariate was BMD compared to failure of IF from date of surgery to date of extraction from the Danish National Registry of Patients (November 9, 2010), reoperation, or death (whatever came first). Secondary covariates were possible predictors of failure: displacement of fracture, implant positioning, quality of reduction, age, sex, comorbidity, and walking disability.
Statistics
In order to minimize mass significance, the 2 most likely predictors of failure from the questionnaire were chosen for the analysis. Data were set as survival data, and group comparison with log rank tests and Kaplan-Meier graphs showed major variation in relation to fracture displacement. In order to establish that there was a potentially minor influence of low BMD and the other covariates, the Cox regression was stratified on fracture displacement. The proportional hazards assumption was evaluated statistically (goodness of fit) and graphically using log(-log) Kaplan-Meier survival plot against survival time. One variable (implant positioning) did not satisfy the proportional hazards assumption and was used as a time-dependent variable (multiplied by the logarithm of analysis time) as described by Kleinbaum and Klein (2011) . The extended (time-dependent implant positioning) stratified (fracture displacement) Cox regression model was also adjusted for age, sex, quality of reduction, alcohol, and walking disability. 95% confidence intervals (CIs) were determined. The statistical software program STATA 11 was used.
Results
The failure rate was 22% (CI: 12-39) for undisplaced fractures and 66% (CI: 56-76) for displaced fractures after 2 years. The overall failure rate from fracture displacement and total hip BMD level was similar irrespective of whether or not the patient had low BMD (Figure 4) . The median time to failure was 158 days (IQR: 79-425) and the median time from the DXA scan to failure was 86 days (IQR: 4-280).
The preliminary log rank tests stratified for fracture displacement showed statistical significance only for implant positioning. The extended Cox regression was stratified on fracture displacement (so no results are shown for fracture displacement), and showed the same result, with no association between low hip BMD and failure (Table 2 ). There were no statistically significant associations between any covariate and failure, apart from implant positioning (HR = 66, CI: 4-1240). The analysis was also done with femoral neck BMD instead of total hip BMD and gave the same result (HR = 1.1, CI: 0.7-1.9). A subgroup analysis of the undisplaced fractures revealed no statistically significant association between low BMD and failure risk in the Cox regression analysis (HR = 6.2, CI: 0.5-73) (Table 3 ). 1.0 0.6-1.8 0.9 a n = 115 due to lack of one or more covariates. 
Discussion
We found no association between low hip BMD and fixation failure. As in previous studies, the most important predictors of failure were fracture displacement and implant positioning. The lack of effect of other known predictors (age, sex, and quality of reduction) of fixation failure may be due to the effect of sample size; Parker et al. (2007) showed that a large sample size is needed to see an effect of gender on fixation failure.
To our knowledge, only 3 other clinical studies have investigated the effect of BMD on failure of internal-fixed femoral neck fractures. Karlsson et al. (1996) investigated changes of BMD in 47 femoral neck fractures, and as a secondary outcome they found no association between BMD and late segmental collapse or pseudoarthrosis. However, no information was given regarding displacement, implant positioning, or quality of reduction. Heetveld et al. (2005) DXA-scanned displaced femoral neck fracture patients and they found similar BMD in patients with fixation failure and in the group without failure. The study had data on age, sex, implant positioning, and quality of reduction but there was no adjustment for them. The only study with all known potential confounders in their analysis was that of Spangler et al. (2001) who found that patients with a registered ICD-9-CM code for osteoporosis had a hazard ratio of 8 for revision surgery. However, they may have underestimated the prevalence of osteoporosis in their patients (9%); other studies have shown osteoporosis percentages as high as 82% in this patient group (McLellan et al. 2003 ). There was also a possible bias in the study by Spangler et al. (2001) due to the fact that the osteoporosis diagnoses could have been based on low spine BMD. Heetveld et al. (2005) reported preoperative BMD measurements whereas we used BMD measurements taken 80 days (IQR: 60-101) after surgery. It is difficult to conclude which approach is best, because neither study showed a definite link between failure and BMD value, and our study had a median time from the DXA scan to failure of 86 days (IQR: 4-280). Karlsson et al. (1996) performed DXA scans immediately after the fracture, and at 4 months and 12 months, but they did not have information regarding other factors which may predict failure. When comparing the results in the literature with our findings, factors that influence the hip BMD measurement must also be taken into account. BMD of the hip is not constant, and declines in the elderly population by approximately 0.5% per year (Cauley et al. 2005) . In patients with a hip fracture, the decline 1 year after the fracture is greater and hip BMD ranges from 2% to 7% (Karlsson et al. 1996 , Fox et al. 2000 . Such a decline in hip BMD has also been seen in patients with tibial fractures (Van der Wiel et al. 1994 ) and Achilles rupture (Therbo et al. 2003) , and is probably due to inactivity. Other factors such as exercise and the use of bonepreserving drugs can also influence the decline in hip BMD (Anastasilakis et al. 2009 , Howe et al. 2011 . There is also a side-dependent difference when measuring total hip BMD which has been estimated to 6% (Schwarz et al. 2011) .
In hip fracture patients, only 1 study has investigated the difference in BMD between the injured side and the uninjured side (Karlsson et al. 1996) . For femoral neck fracture patients, there was a difference of 20-29% after 4 months and of 1-6% after 12 months. The reliability of these measurements must be questioned, however, because the regions measured were small and the measured values had high standard deviations. Another study measured the effect after removal of an intramedullary nail and showed that the difference was only 6% for trochanter BMD (Kroger et al. 2002) . Even though there might be a difference between the injured hip and the uninjured hip, it is probably not as large as measured by Karlsson et al. (1996) .
The present study had some limitations. The CIs of our results were generally large, and the sample size should therefore have been greater. Secondly, there was a selection bias since patients with severe comorbidity and dementia were excluded and the median time to the DXA scan was 80 days. The 30-day mortality was therefore 0% in this cohort and 6% after 1 year. At the same time, this bias is also a strength, because we had very few censored data due to death. Finally, there could have been a measuring bias concerning implant positioning and quality of reduction since we modified both measurements slightly and did not validate them. We do not, however, believe that the alterations influenced the validity of the scoring system. There were also strengths; this was a population-based study with a well-defined cohort and external validity could be assessed easily. Secondly, low bone quality was measured with a DXA scanner-the gold standard. Thirdly, the department had a strict guideline regarding the use of IF for all femoral neck fractures. Finally, extraction of data from the Danish National Registry of Patients allowed us to find 2 additional patients with failure, which would not normally be possible.
Low bone BMD may be a factor in IF failure. Although not statistically significant, the subgroup analysis for undisplaced fractures (Table 3) showed a hazard ratio of 6 for low BMD as compared to 0.8 for the whole group (Table 2) . For undisplaced femoral neck fractures, there should be a normal blood supply and good bone contact between the bone fragments. Compared to displaced fractures, the major reason for failure might lie in the stability. Osteoporosis appears to affect the anchorage of screws (Sjostedt et al. 1994 , Bonnaire et al. 2005 and could therefore be a reason for lower stability in the undisplaced fracture, and hence failure.
In conclusion, we found that low hip BMD is not statistically significantly associated with fixation failure (HR = 0.82, 95% CI: 0.46-1.47; p < 0.506) in femoral neck fracture patients treated with IF.
